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ABSTRACT

This memorandum presents a simple and rapid means for estimating
the total radiation dose one might expect to receive during exposure in
an area contaminated by fission products. Curves are included for ex-
posure periods of 2. 4, 80 12, and 16 hours and for accumulated doses
of 50; 100, and 200 ran. In addition to the curves covering particular

exposure periods, a special curve is included for estimating the dose
for any period of exposure between 1 and 1,00) hours after detonation.
A nomogram is included for converting radiatlon intens4 ty measured at a
particular time after detonation to the rofel6ce dose rate at one hour
after detonation (11+1). Typical problems an; heir solutions are given
in the body of the memorandum to ffftiliarize' the reader with the use of
the nomogram and the curves. It must be borne in mind that the nomo-
gram and the curves are based on tb simple decay rate equation for
normal fission products, It lu 1tl

2
9 where I is intensity in roentgens

per hour (r/hr) at "t" hours after burst, and :1 is intensity at one
hour after burst (H + 1). Fractionation among rission products and in-,
duced activities may cause the decay rate in a particular fallout sit-
uajijn to vary ccnsiderably (S0S or more) from that of the approximate
t" . function.
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1. INTRODUCTION

For the period between one-half hour to 30 days after surface
burst of a nuclear weapon, t'.o following nomogram and curves i.ra
c4onsidered sufficiently accurate for quick estimates of radiation
dosage dug to fallout. No consideration has been given to multinle

* explosions. seeded bombs or neutron-induced ground contamination.
However, it is assumed that anyone monitoring fallout build-up
downwind from a nuclear explosion will be able to determine an
abnormal build-up or decay rate and thercby judge the degree of
dependence he might place in his estimate of radiation hazard.

3.ASSUMPTIONS

It is reasonsble to assume that. in case of nuclear attack on
the United States. numerous ftllout shelters will be equipped with
fixed radiological recording instruments at critical locations outside
the shelters from which build-up, peak and decay of radiation intensity
can be determined. It is necessary to know. also, the time the nuclear
device was detonate4 in order to make use of the curves.

3. CRJJ4'LES

a. Given a dose rate of 400 r/hr at 11*4 hours, find-

(1) Reference dose rate at 11+.

(2) Dose rate at 11910.

(3) TAme after bur.st dose rate will be 50 r/hr.

SOLUTION:

(1) Apply a straight edge to Figure 1 at 400 on the left
scale (Measured Dose Rate at H+X Hours) and 4 on the right scale
(11+X Hours. Time of Measured Dose Rate). Read 2, 100 r/hr at 1141'6W middle
scale (Reference Dose Rate at H-1. Hours).

(2) Ap' y the straight edge to Figure 1 st 2100 on the
middle scale and 10 on the right scale. Read 130 r/nr on the left
scale (Measured Dose Rate at H.X 1lcurs).

(3) Apply straight edge to Figure I at 2,100 on the middle
scale anid SO on the left scale. Read 22 hours on the right scale
(Time of Measured Dose Rate).

p7
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b. Given a peaked dose rate of SOO r/hr at a base 
4ownwind

from a nuclear explosion at three hours after the explosion 
(H3)

find:

(1) 1orsalised 4ose rate Cr/hr at 11.1);

(2) Dose ate at 310.S i;Mrsl

(3) Vim aftef b1ust dose rate will'be IS r/hr.

.• (1) Apply attaint edge to Figure I at SOO on the 
left scale

,a 5 6m the right scale. Read 1,900 r/hr at 11.1 on the center scale.

(2) Apply straight edge to Figure I at 
1,900 on center scale

aW 35 e right scale. Read 2S r/hr on left scale.

• (3) Apply straight edge to Figure I at 1,900 on center scale

sed IS on left scale. Read S4 hours on right scale.

c. Using the 1,900 r/hr refetence dose rate found in example

"b.S." above, find the earliest time a worker 
might leave the fallout

shelter for a-single tw4-hour work period in the 
contaminated area

so as to receive only:

0 SO ree, total dose;

J2) 100 rem, total dose:

(3) 200 rem. total dose. 
0 0

SQUTION:

(1) titer figure 2 at 1.900 rlhr (ose Rate Nomailtzgd to t.4)

* and go vertically upward to the I hour (single exposure) curve, then o

Itori.antally to tne left margin and read 34 1/2 (Time of Entry - 1lourS

After DetonatioA). This is 31 1/2'hours after the peaked dose rate of

50 r/hr was determined at IH-f.

(2) Enter Fiture 3 at 1,900 r/hr (Dose Rate Wo-slized to

11*1) and intersect the 2 hour (single exposure) curve at 
13 1/2 hours

(Time of Entry). This is IS 1/2 hnurs after the peahed dosteWt was

determined.

(3) Enter !igure 4 at t.900 rwlr noripalited dose tate and

intersect the 2 hour curve at 10 hours after detonation. This is 7 hours

after the peaked dose rate was determined.



a d. Using the same reference dose rate as that used in example
"c" above (1,900 r/hr) determine the earliest time a worker might
enter the contaminated area for a single 8-hour exposure so as to
receive a total dose not to eAcee4t

(1) SO rea.

(2) 100 real

S(3) 200 rem.

SOLT ION!

(1) Enter flgure I at 1.900 r/hr normalitea dose rate and
Intersect the $.hour (siigle exposure) curve at 111 1/2 hours after
-detonation. This is 108 1/2 hours after the peaked d6se rate of
SO0 r/hr was determined.

E() Enter figure $ &2 1,900 9/hr notmalized dose rate
&nd read 61 1/2 hours after detomtion (58 112 hours after peaed
dose rate).

(3) Enter Figure 4 at ,900 r/hr noa1IMed dose rate and
. Tead 32 1/2 hours after d4eotAtion. (29 11/ hours after peaked dose

rate),

Se. Using the ese referefce dose rate as that used In
earples "c" and "d" above (1,900 r/hr) determine the earliest time
after detonation a worker might eater.the contsminated area in order
to work the asxithu number of consecuttve daily two-.Nour shifts so
as to receive a total dose not to exceed;

(1) So rem;

(2) 100 rea;

(3) 200 rem.

SOLUTION(:

* (1) Entec figure S at 2.900 r/hr normalized dose rate and
intersect the 2 hoer/day shift curve at 100 hours after detonation.
(Time of tntry for tat Shift), This is 97 hours after the peaked dose
rate of SOP rlhr was determinet. Note also that 50 rem will have been
accusulated during the lth shift.

(2) Enter figure.6 at 1,900 r/hr normalited dos'- rate and
read 37 hours after detonation (34 hours after peaked dos e rate). The
100 ran will have been ac uulated during the 7th shift.

00
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(3) Enter Figure 7 at 1,900 r/hr normalized dose rate and
read 13 1/2 hours after detonation (10 1/2 hours after peake4 dose
rate). The 2Q0 rem will have been accumulated during the 4th shift.

f. By the use of figure a. detirmine the dose ane would receive
if he enters the contaminated area mmaediatcly after fallout 4as
peak*ed (11.3 in examples b through c) ad remains fort

(3) 1$ minutes;

(2) 31 minutes;

(3) 1 hour.,

Ci) Enter 71gure 8 at3 hours (Time After Explosion) on left
side and intersect the curve at 6.IS (ratio of Accumulated Total Dose
to Unit-Time Reference Dose Rate). It is necessary to enter Figure 6
the second time, i.e.. at 3.2S hours (Time after Explosion) and ine.

oC sect the curve at 6.712 (ratio of Accumulated Total Dose to Unit-Time
eerence Dose Rate). The seaning of these two ratios is as folouws:

6.15 Accumulated Tota' Vose (r) at 103.
o 6.15•a.t-1me RearrncO ose Nate tr/hrj

6.212 * Aeuntlated Total Dose (r) a .. S( r";nt ornc Vaa"ooit

15 Sin after .......

o and (6.212 6.15) a Accumulated Total Pose at 11.3.2S - Actusate
Total Dose at 11+3 divided by Unit.Tine Reference Dose Rate.

Dose Accumulated In 15 mino or *062 is.... or
Unit-ame iaterence o00 Rate

Dose A ymulated in IS mIn - .062 S Unit-Time Reference Nsa Ralte.

Since the Unit-Time Refere-ce Dose Rate found in example "b"
was 1,900 r/hr, our aswer becomrs .06? % 1.900 - 118 rem (Ans.).

This IS.mitfe Jost Of 113 rem 2hould net be i;urprising, for the

Iose rate at the time of entry (11*3) was SO0 rdhr.

(2) Enter Figure I at 3,S0 hous (Tine sfter Explosion) aft
Intersect the curve at 6.27, Subtracting the ratj,o 6.IS fo.d

ovC Iron 6.27 we have

e| - Doso Ac¢mlated In 30 minutes

Unit-Wime 19cterence Dose R;'ite

• . . o1" Dos AculZtCe in 30 *Iuutes (from 11.3 to 110.53)e.l? a 1900 a 228 rem.

0 °. 4
* o C

0 0 C , 0



(3) Enter Figure 8 at 4 hours (Time After 1.xplosion) anA

intersect the curve et 6.37. Subtta~ting t~he ratio 6olS found~ above

from' 6.37 we have
~ Aeuri~tt~Jin I liour

or ~o~ A~u~t..~J h Ihour (From 114 to 11*4) 0 .22 4 10 4141 tsr.

g.Assums that pyirflftnt1 IrVslth In rtotsel, for

24-hou? period after fallout has POS~es &Aid then Stl Oapoie3. fiful

the total -dose whith would LP reCeIVCd for exposures of:

(2) 2 houras;

(1) fitter fitete 9 at 27 hours (Time After 1zploslot') siti

cead 7.49 ratio of Accumulated Total Dos to unit-lima 1Izfttlents Dos*

Rate. Stesd a secoad tatio of 7.51 at 28 hours. Subracting~ 7.49 from'

7.Sl we got
Date Mcumufltel in I P'our

of Vote Accusrnussted L% I hr (fro& 11.27 to Il 25 .2X 1900 6 T1 em,

Czj fitter Figurt a as 29 hours (Tiver After rsplasoWoi) WTh

tea4 235,. Subtratlms 7,49 from 7.33 we got

Dole Acclunfla~tC'! i I hoor

Ns* Accumulatd In 2 heaTs (From 11.21 to 11929) a O04x 3900O a 76 w0.

C3) Untef figure 6 at 30 hours Clime After 4plosion) a4

read I.SS, Subtractirlg 7.49 fr% 7.S5 we get

Vao Accurmlsted in 3 h1ours

*ate AecuDted i 3 his (Froft 11.27 ta% 1330) a .56 X 1900 0 its ts.

h. Assume ant exposure period to tegin at Hell1 %ours (I 'houts

* . after fallout has peaked). Veterint the duration~ of exposute iicceIss f7

to accumulate 100 remn. The solutin of this ptobiern is the everse

* of those iti-i~ )recedig.

Sj



SOLUTION

The ptob~ie* Is to (W ft ,/ the %~umber of liours *ap*:-ire
in the fallou4 tg W 1,aitg At 1111, 0110300Y " 9Cuan'41 4% 1 emn.

Rat Sap

~#Atv"VIates It~ 7. Bous *100 no.
Ma-iazoisc 4 s* e t IwQo ih

?a4 stop

riad the ratio of ACCUMs~ste1 moe Rate to thre Unit-line
keferenive Dose Ra.te at 11"31. ifAter Aljurs a At 11 bouts MTie Muir
Explosion) 3nd read a tatto Of 7.02.

Ur4 Ste,?

later Figure A fr~om the bottu At 7.073 WWJ intersect
the curve it 1? hours (Unt After laplaOion). Strict It * X 0 12,
X-12-11-1 hourt the duratioli of exposiore to mccwvuate 100 rem
beginning at V*11. Ans-

6
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